Sodium hyaluronate injection into the glenohumeral joint is a treatment option in the management of adhesive capsulitis of the shoulder. We hypothesized that a systematic review would demonstrate that intra-articular sodium hyaluronate injections would result in significant improvements in passive range-of-motion, shoulder and general clinical outcome measures, and pain scales at short-and mid-term follow-up. Multiple medical databases were searched for levels I-IV evidence with a priori defined specific inclusion and exclusion study criteria. Clinical outcome measures used included Constant score, VAS pain scores, Cho functional scores, JOA scores, and range-of-motion measurements. Seven studies were included (four Level I and three Level IV; 292 subjects, 297 shoulders). Mean subject age was 59.1 years and mean pre-treatment duration of symptoms was 7.3 months. 140 subjects underwent one or multiple hyaluronate injections (120 glenohumeral joint; 20 subacromial bursa). Clinical follow-up was mean 9.0 weeks. Sodium hyaluronate injection into the glenohumeral joint has significantly improved shoulder range-of-motion, constant scores, and pain at short-term follow-up following treatment of adhesive capsulitis. Isolated intra-articular hyaluronate injection has significantly better constant scores than control. Isolated intra-articular hyaluronate injection has equivalent clinical outcomes and range-of-motion compared to intra-articular corticosteroid injection. Intraarticular hyaluronate injection was safe, with no reported complications within the studies in this review. Sodium hyaluronate injection into the glenohumeral joint is a safe, effective treatment in the management of adhesive capsulitis of the shoulder. Short-term evidence indicates that clinical outcomes are better than control and equivalent to intra-articular corticosteroid injection.
INTRODUCTION
Primary adhesive capsulitis is a common shoulder condition characterized by painful loss of both active and passive rangeof-motion in all planes of the glenohumeral joint, especially external rotation. [1] Although the pathogenesis progresses through fibrosis and culminates in joint contracture, [2] it is generally recognized as a self-limiting process [3] with an unknown etiology. [4] Despite reports of 96% to 100% of patients returning to normal shoulder function by two-year and four-year follow-up, [3, 5] some authors have described severe limitations in range-of-motion and persistent pain and weakness at similar durations of follow-up. [6] [7] [8] [9] Nevertheless, several treatments are recognized and utilized to reduce pain and improve range-of-motion faster than the disease' s natural history course. These treatments, in isolation or combined, include intra-articular corticosteroid injection into the glenohumeral joint, subacromial corticosteroid injection, intra-articular saline hydrodilation with distention and eventual rupture of the glenohumeral joint capsule, intra-articular sodium hyaluronate injection into the glenohumeral joint, suprascapular nerve block, shoulder manipulation under anesthesia, physical therapy with modalities, oral corticosteroid tapers, oral NSAIDs (nonsteroidal anti-inflammatory drugs) and analgesics, and open or arthroscopic surgery with synovectomy and glenohumeral capsular releases. [4] Sodium hyaluronate injection into the glenohumeral joint for the treatment of adhesive capsulitis has shown similar clinical improvements as those seen following corticosteroid injection with fewer side effects. [10] The effects seen following hyaluronate injection include, but are not limited to, reduction in pain [10] and improved range-of-motion, [10] antiinflammation, [11] chondroprotection, [11] and improved synovial fluid characteristics. [11] Primary adhesive capsulitis of the shoulder is usually described as a self-limiting condition that resolves spontaneously by two to four years. [3] [4] However, the natural history is not completely understood and recent studies have shown that longer term disability may occur following "resolution" of the disease. [6] [7] [8] [9] Further, it is not entirely clear how much a specific treatment improves long-term outcomes, if a specific treatment expedites clinical improvement, and if a specific treatment results in faster or better clinical outcomes than other treatments. Sodium hyaluronate is a well-recognized, safe, and minimally invasive treatment that results in improved outcomes in adhesive capsulitis of the shoulder. To the authors' knowledge, no study has fully evaluated the literature reporting clinical outcomes following sodium hyaluronate intra-articular glenohumeral joint injection for the treatment of adhesive capsulitis.
The purpose of this systematic review was to comprehensively analyze the evidence regarding the effectiveness of intraarticular sodium hyaluronate injections in the treatment of primary adhesive capsulitis. We hypothesized that intraarticular sodium hyaluronate injections would result in significant improvements in passive range-of-motion, shoulder and general clinical outcome measures, and pain scales at shortand mid-term follow-up.
METHODS
To address our hypotheses, we performed a systematic review of the available medical literature using several medical databases, including PubMed, MEDLINE, CINAHL (Cumulative Index to Nursing and Allied Health Literature), SPORTDiscus with full text, and Cochrane Central Register of Controlled Trials / Database of Systematic Reviews / Methodology Register. The search was independently performed by all three authors (JDH, MJG, GLJ) on July 18, 2010. Database journal search dates ranged from 1950 to the current. Search terms included frozen shoulder, adhesive capsulitis, stiff shoulder, Duplay disease, periarthritis, injection, sodium hyaluronate, hyaluronic acid, Synvisc, and Hyalgan. Levels I, II, III, IV evidence (according to the Oxford Center for Evidence Based Medicine used by the American version of the Journal of Bone and Joint Surgery). [12] Potential inclusive papers were manually reviewed, discussed among authors, and a decision made regarding inclusion or exclusion. In the event of disagreement among authors for study inclusion, the final decision was made by the senior author (GLJ). The full text article was reviewed and reference list checked for potential studies not identified by our original search.
Inclusion criteria were • Level I, II, III, IV evidence studies • English language studies • Human subjects • Study publication date from January 1, 1950 to July 18, 2010 • Studies investigating treatment of primary adhesive capsulitis (including subjects with diabetes mellitus) • Studies investigating treatment of primary adhesive capsulitis during the freezing [9] or frozen stage [9] • Studies investigating intra-articular glenohumeral joint sodium hyaluronate injection • Studies reporting clinical outcomes following intraarticular glenohumeral joint sodium hyaluronate injection Exclusion criteria were:
• Level V evidence • Non-English language studies • Studies investigating treatment of non-adhesive capsulitis causes of shoulder pain • Studies investigating treatment of secondary causes of adhesive capsulitis • Studies investigating treatment of primary adhesive capsulitis during the thawed stage [13] See [ Table 1 ] for all database search criteria citation results. Fourteen studies were initially retained and analyzed further. Four studies were excluded due to being in a non-English language (Korean, Japanese). [14] [15] [16] [17] One study was excluded as it evaluated the use of hyaluronate for supraspinatus tendinosis and not adhesive capsulitis. [18] One study was excluded as it evaluated the use of subacromial hyaluronate injection for rotator cuff tear arthropathy. [19] One study did treat subjects with adhesive capsulitis, however it did not report clinical outcomes for those subjects, therefore was excluded. [20] Seven studies met inclusion criteria and were further analyzed [1, 10, [21] [22] [23] [24] [25] The inclusion of diabetic subjects within a study was not specifically excluded from our review. Nevertheless, three studies specifically excluded diabetic subjects, [23] [24] [25] one study specifically allowed diabetic subjects, [10] and three studies did not report specifically an approval or denial of diabetic subjects. [1, [21] [22] For the purposes of this review, the control group was defined as no treatment, small volume (<5 mL) intraarticular glenohumeral joint injection of saline or lidocaine.
Subjects were in Stage II adhesive capsulitis, based on classification systems reported by Finnoff [26] or not clinically staged. [1, [21] [22] [23] [24] [25] An attempt was made to identify common outcome measure(s) across all studies analyzed. However, several different clinical outcome measures were used for assessment, including passive range-of-motion (forward elevation, abduction, external rotation, and internal rotation), Cho functional score, [14] visual analog scale (VAS) for pain intensity, [1, 10] constant score, [1] and Japanese Orthopaedic Association (JOA) score. [24] Imaging outcomes (including magnetic resonance imaging and ultrasound) were also recorded when available. Studies, demographic data and treatment data were analyzed with mean, median, mode, and standard deviation calculations, when appropriate. A P-value less than 0.05 was a priori deemed statistically significant. A paired t-test was utilized for outcome data comparison, when possible based on study reporting. The lack of subject-level-specific data and heterogeneity in outcome reporting precluded meta-analysis.
RESULTS
Seven studies met criteria for inclusion (four studies were Level I evidence [1, 10, 23, 25] ; three studies were Level IV evidence [21] [22] 24] ) [ Table 2 ]. Three hundred and three subjects (308 shoulders) were eligible for enrollment within these seven studies. There were 11 subjects who withdrew for various reasons within two studies, [10, 21] leaving 292 subjects (297 shoulders; 5 bilateral cases [1] ) for analysis. Of the four studies that randomized subjects to different treatments, one utilized alternating consecutive selection, [10] one randomized based on date of study entry, [25] and two did not report a randomization method. [1, 23] Six studies [1, [21] [22] [23] [24] [25] did not report the presence or absence of a financial conflict of interest, while one study denied a financial conflict of interest. [10] There were 114 male subjects (39%) and 178 females (61%). Affected shoulder dominance was only reported in one study [1] and this study reported that the affected shoulder was the dominant shoulder in 87 of 90 subjects (97%). Four of seven studies reported the side (right versus left) of the affected shoulder and 104 were right-sided (53%), while 91 were left-sided (47%). Mean pre-treatment duration of symptoms was 7.3 ± 1.8 months (reported in five studies). Mean subject age at the time of treatment initiation was 59.1 ± 4.4 years of age.
All seven studies included a sodium hyaluronate injection group. One-hundred forty subjects underwent either one or multiple isolated sodium hyaluronate injections (120 intraarticular glenohumeral joint and 20 subacromial bursa). Variable sodium hyaluronate preparations were utilized, including both low molecular weight (LMW; <500 kDa) [10] and highmolecular weight (HMW; >500 kDa) [1, [21] [22] [24] [25] [ Table 3 ]. Fifty subjects underwent one or multiple isolated triamcinolone intra-articular injections. Nine subjects underwent isolated single intra-articular glenohumeral joint lidocaine (1%; 4 mL) injection (control). Forty-three subjects underwent an initial intra-articular glenohumeral joint injection of triamcinolone, followed by five weekly intra-articular glenohumeral joint injections of sodium hyaluronate. Sixteen subjects underwent combined intra-articular glenohumeral joint injections of triamcinolone and sodium hyaluronate. All injections were given via the posterior shoulder. None of the injections were performed with the assistance of fluoroscopy, but 21 were performed with the assistance of ultrasound. The remainder were performed blind. Twenty-two subjects underwent isolated physical therapy consisting of range-of-motion, stretching, hot pack, ultrasound, and TENS (transcutaneous electrical nerve stimulation) modalities and 20 subjects were instructed on Codman exercises and stretches once and asked to perform at home as tolerated as little or as frequently as desired (control). Adhesive+capsulitis  4280  95  78  174  29  Adhesive+capsulitis+shoulder  1551  34  66  85  11  Adhesive+capsulitis+injection  420  4  14  9  5  Adhesive+capsulitis+injection+hyaluronate  9  0  3  2  2  Adhesive+capsulitis+injection+hyaluronic acid  10  0  0  0  0  Frozen+shoulder  4747  103  164  266  46  Frozen+shoulder+injection  437  1  9  2  2  Frozen+shoulder+injection+hyaluronate  8  0  0  0  0  Frozen+shoulder+injection+hyaluronic acid  11  0  0  0  0  Stiff+shoulder  194  23  46  28 Therefore, two groups (n=29) met the a priori definition of control subjects (small-volume lidocaine intra-articular injection [n=9] and no formal treatment group [n=20]).
Clinical follow-up after treatment was 9.0 ± 8.3 weeks (range 1 to 26 weeks). All seven studies reported at least one clinical outcome measure, while two utilized post-treatment gadolinium-enhanced shoulder MRI [24] [25] and one utilized posttreatment ultrasound. [23] There were no complications reported after any of the treatments.
Following isolated intra-articular glenohumeral joint injection of sodium hyaluronate, constant score significantly improved by 15 days (8 points) and 3 months (20 points) (n=27) (P<0.001); forward elevation significantly improved (22 ± 14 degrees) by 6 weeks (n=91) (P<0.001); abduction significantly improved (21 ± 4.9 degrees) by two to three weeks (n=56) and by two to three months (26 ± 14 degrees) (n=89) (P<0.001, P<0.01); external rotation significantly improved (14 ± 7.1 degrees) by two to three months (n=89) (P<0.001); and internal rotation significantly improved (5 degrees) by two months (n=62).
Following isolated intra-articular glenohumeral joint injection of triamcinolone, constant score significantly improved by 15 days (8 points) and 3 months (15 points) (n=26) (P<0.01). The constant score did not improve after triamcinolone injection as much as after sodium hyaluronate injection, however this difference was not statistically significant. Following isolated intra-articular glenohumeral joint injection of triamcinolone, abduction significantly improved by three to six months (25 ± 9.9 degrees) (n=40) (P<0.01); external rotation significantly improved (20 ± 4.5 degrees) (n=40) (P<0.01) by three to six months; and internal rotation improvement (2 degrees) (n=14) (P>0.05) was not significant. At three to six months, the difference in abduction between intra-articular triamcinolone and hyaluronate was not significant (P=0.942), nor was the difference in external rotation (P=0.463) or internal rotation.
Following combined intra-articular glenohumeral joint injection of hyaluronate and triamcinolone (either simultaneous or subsequent injections), forward elevation significantly improved 47 degrees by 6 weeks post-injection (P<0.05). The difference in forward elevation was not significantly different between combined triamcinolone and hyaluronate versus isolated hyaluronate (P=0.386). Tamai et al. [24] 2004 IV 11 5/6 56 7 GH joint SH injection Weekly SH (5) 6 Tamai et al. [25] 1999 Itokazu et al. [21] 1995 IV 62 28/34 65.4 4.7 GH joint SH injection Weekly SH (5) 9.2 Leardini et al. [22] 1988 IV 29 [10] 25 mg LMW Calis et al, 2006 [1] 30 mg (HMW; 1000-2900 kDa) Tamai et al, 2004 [24] HMW (800 kDa) Tamai et al, 1999 [25] HMW (700 -900 kDa) Rovetta et al, 1998 [23] 20 mg (MW nr) Itokazu et al, 1995 [21] 25 mg HMW (800-900 kDa) Leardini et al, 1988 [22] 10 mg HMW (500-750 kDa) LMW -Low-molecular weight; HMW -High-molecular weight; mg -Milligrams; kDa -Kilodaltons; nr -Not reported
Following combined intra-articular injection of hyaluronate and triamcinolone, abduction significantly improved 34 ± 17 degrees by mean 16 weeks post-injection (P<0.05). The difference in abduction was not significantly different between combined triamcinolone and hyaluronate versus isolated hyaluronate (P=0.660). Following combined intra-articular injection of hyaluronate and triamcinolone by mean 16 weeks post-injection, external rotation significantly improved 28 ± 2.8 degrees (P<0.05) and this was significantly greater improvement than hyaluronate injection alone (P=0.039).
Following combined intra-articular injection of hyaluronate and triamcinolone by mean 16 weeks post-injection, internal rotation significantly improved 34 ± 11 degrees (P<0.05) and this was significantly greater improvement than hyaluronate injection alone (P=0.031).
Comparison of intra-articular sodium hyaluronate injection and control demonstrated significantly (P<0.05) greater improvement in constant score (20 points versus 10 points) at 3 months post-treatment. The difference in improvement in external rotation by 10 weeks after injection versus control (14 ± 7.1 degrees versus 9 degrees) was not statistically significant (P=0.333), nor was the difference in improvement in abduction by 8 weeks post-injection (25 ± 10 degrees versus 20 degrees) (P=0.346).
DISCUSSION
The purpose of this systematic review was to comprehensively analyze the literature with regard to the efficacy of intraarticular sodium hyaluronate injections in the treatment of primary adhesive capsulitis. We identified seven studies (four of Level I evidence) that reported clinical outcomes following treatment of adhesive capsulitis with intra-articular hyaluronate injection. Our hypothesis was confirmed, demonstrating that sodium hyaluronate injection into the glenohumeral joint significantly improves shoulder range-of-motion, constant scores, and pain at short-term follow-up following treatment of adhesive capsulitis. Comparison of isolated intra-articular hyaluronate and triamcinolone injections demonstrated that there were no significant differences in constant scores or rangeof-motion. Comparison of isolated intra-articular hyaluronate injection and control demonstrated that hyaluronate injections had significantly greater improvement in constant scores. Improvement in range-of-motion following isolated hyaluronate injection was greater than control; however, the difference was not significant. Following combined intraarticular glenohumeral joint injection of hyaluronate and triamcinolone versus isolated hyaluronate, the improvements in range-of-motion after combined injection were significantly greater than isolated hyaluronate in internal and external rotation, but not in abduction or forward elevation.
Hyaluronate is a major component of the extracellular matrix of articular cartilage. The intertwined scaffold network between hyaluronate and aggrecan proteoglycans containing keratan sulfate and chondroitin sulfate glycosaminoglycans is a major mechanical structure within joint cartilage. This known biological composition prompted the use of different preparations of viscosupplementation in the treatment of knee osteoarthritis and has demonstrated success. [27, 28] The anti-adhesive properties of hyaluronate have found utility in preventing postoperative adhesions in gynecologic and abdominal surgery. [29] [30] [31] [32] These lubricating effects of hyaluronate have led to use in orthopedic surgery as well, via prevention of adhesion formation after both wrist and finger flexor tendon repair [33] [34] [35] [36] [37] [38] and tenolysis. [39] Use of hyaluronate in the treatment of shoulder pain has also yielded success. [1, 10, [20] [21] [22] [23] [24] [25] [40] [41] Thus, extrapolation to treatment of stiff shoulder and adhesive capsulitis has demonstrated success and improvements in rangeof-motion, pain, and function. [1, 10, [21] [22] [23] [24] [25] Six different preparations are commonly used in the United States and are both avian-and bacterial-derived products of variable molecular weight and viscosity. The normal hyaluronate molecule (mean 800 kDa [11] to 5000 kDa [42] molecular weight) has similar molecular weight and viscosity to these commercial products (500 kDa to 6000 kDa molecular weight). Hyaluronate injection into synovial joints is safe. [20, [43] [44] Our review further supported this, with no complications in any of the seven studies analyzed. Further, intra-articular injection of corticosteroid may elevate blood glucose levels in diabetic patients, thus warranting vigilance and careful monitoring of blood glucose concentrations and likely adjustments of insulin requirements. Hyaluronate may serve as a viable, equally efficacious alternative to corticosteroid to avoid the risk of elevated blood glucose level following injection.
Despite incomplete understanding, evidence of mechanism of action in the treatment of osteoarthritis is based on several theories: Reduction of friction via increased viscoelasticity with injection of hyaluronate into the joint, [27] coating and protecting damaged cartilage, [11] anti-inflammation [45] and subsequent pain reduction, [15, 23] and improved synovial fluid concentrations and synovium abnormalities. [24] [25] Gadolinium-enhanced MRI in the shoulders of adhesive capsulitis patients has shown significant signal enhancement in the synovium and subsequent attenuation of this hyperintensity with treatment. [24] [25] A calculated value, the coefficient of enhancement (CE), using this latter MRI technique, has been shown to negatively correlate with clinical improvements. [24] Glenohumeral intra-articular injection with hyaluronate has shown improved clinical outcome and decreased MRI CE values. Since decreased CE is indicative of decreased synovitis, transitivity indicates intra-articular hyaluronate is anti-inflammatory. [24] Despite the Level 1 evidence nature of four of the studies within this systematic review, several limitations are present. Properly conducted randomization attempts to eliminate selection bias and support the internal validity of a study. [46] None of the four studies that randomized patients within this review utilized a valid randomization method. Further, it was not directly stated whether or not the study authors were involved in the randomization of subjects. Another source of selection bias includes unequal numbers of subjects within each compared group. The control group defined within one study [1] in the analyzed studies in the review and a priori defined for the review yielded a control population of 10% of the overall analyzed subject population within the review.
The presence of concurrent intervention (performance bias) confounders within the studies limits conclusions drawn. These include concomitant intra-articular steroid injection preceding five weekly hyaluronate injections, [10] concomitant low-volume intra-articular injections of local anesthetic and saline, [10, [24] [25] subacromial versus intra-articular glenohumeral joint injection in one study, [21] and different physical therapy regimens following injection among all studies or the presence / absence of physical therapy in one study. [21] The accuracy of blind intra-articular glenohumeral joint injection ranges from 33% to 47%, versus 93% accuracy with assistance of ultrasound. [47] The use of imaging in intra-articular injection may be necessary to optimize true results. Use of ultrasound was only present in one study. [10] Assessment of range-of-motion via goniometer (as was done in only two studies in this review [1, 10] ) has high intratester reliability (though, is limited by the tester' s experience and ability to properly identify bony landmarks) but only fair to moderate inter-tester reliability. [48] Nevertheless, range-ofmotion measurement was either not reported or visually assessed in 5 out of the 7 included studies, despite recommendations for calibrated goniometer use in the performance of high-level evidence. [48] Dissimilar doses, molecular weights, and viscosities of the different hyaluronate preparations introduce further bias. Also, incomplete understanding of the true natural history of adhesive capsulitis precludes definitive conclusions on how treatment affects the course of disease.
Assessment of outcomes via an independent observer is necessary to minimize detection bias. However, independent evaluators of clinical outcome or range-of-motion following treatment were utilized in only three of seven studies. [1, 10, 23] Heterogeneity in outcome measures used in the 7 studies within this review precludes meta-analysis and complete assimilation of data for larger sub-group subject numbers and comparisons. The best assessment of an orthopedic disease process and its response to treatment is via a general health outcome tool and a joint-or body-part-specific outcome tool. The primary outcome measures used in the studies analyzed were shoulder range-of-motion and constant score, [1, 10] Cho function score, [10] JOA score, [24] [25] and variable VAS pain scores. [1, 10, [21] [22] [23] A general health assessment tool was not utilized in any of the studies within this review.
A significant limiting factor in this review is the very short-term follow-up duration (minimum one week to maximum 26 week follow-up). Although the natural history of adhesive capsulitis is incompletely understood, it is well-recognized that regardless of treatment most patients achieve their maximal outcome between two to four years after following treatment. [3, 5] Despite this, studies have demonstrated severe loss of motion, inability to perform activities of daily living, and mild residual pain and weakness at longer term follow-up (up to seven years). [6] [7] [8] [9] 
CONCLUSION
This systematic review showed that sodium hyaluronate injection into the glenohumeral joint significantly improves shoulder range-of-motion, constant scores, and pain at shortterm follow-up following treatment of adhesive capsulitis. Isolated intra-articular hyaluronate injection has significantly better outcomes than control. Isolated intra-articular hyaluronate injection has equivalent outcomes compared to intra-articular corticosteroid injection. Intra-articular hyaluronate injection was safe, with no reported complications within the studies in this review.
